Aim: Recent studies have revealed positive effects of endometrial injury on clinical pregnancy rates, but with inconsistent results. The aim of this meta-analysis was to assess the efficacy of endometrial injury (biopsy and/or hysteroscopy) as a potential treatment measure for implantation failure in the in vitro fertilization population. Methods: We searched in PubMed for studies comparing the efficacy of endometrial injury versus no intervention in women with at least one implantation failure. A random-effects model was used to evaluate the clinical pregnancy rate (CPR) and the live birth rate (LBR). Results: Seventeen studies (11 randomized and 6 non-randomized studies) were included in this meta-analysis, including 1864 women in the intervention group and 2193 women in the control group. Overall, the CPR and LBR were significantly higher in the intervention group than in the control group (for CPR, n = 3997, 16 studies, P < 0.00001, risk ratio (RR) = 1.47, 95% confidence interval [CI] [1.24, 1.74]; for LBR, n = 2361, 11 studies, P = 0.003, RR = 1.41, 95% CI [1.12, 1.78]). However, after excluding the nonrandomized studies, there was no significant difference in CPR (P = 0.29 for endometrial biopsy, P = 0.05 for hysteroscopy) and LBR (P = 0.23 for endometrial biopsy, P = 0.39 for hysteroscopy) between the intervention group and the control group. Conclusion: There is still insufficient evidence to support the use of endometrial injury in women with implantation failure. Robust randomized controlled studies should be designed and performed before clinical implementation of endometrial injury.
Introduction
Implantation is a talk between the embryo and the uterine endometrium. [1] [2] [3] Successful implantation is dependent on a high-quality embryo and a good endometrial receptivity. The uterus becomes receptive during the mid-secretory phase of the menstrual cycle in humans, which is known as the window of implantation. 4 Thus, the embryo implantation remains the rate-limiting step for success in the in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) cycle. Implantation in humans is an inflammatory process. 5 During normal pregnancy, this inflammation involves the recruitment of natural killer cells to the site of implantation [6] [7] [8] as well as the production of a range of proinflammatory cytokines including IL-25 and leukaemia inhibitory factor. [9] [10] [11] [12] Several studies have demonstrated positive effects of endometrial injury on implantation success rate and clinical pregnancies at different time-points and with different frequencies. 4, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Endometrial injury or stimulation may induce secretion of cytokines 27 and growth factors 28 that will stay in basal layer of endometrium for a few cycles and enhance decidualization and subsequently improve the receptivity of the uterus facilitate implantation. 29, 30 The local injury to the endometrium can be induced by endometrial biopsy (scratch) or hysteroscopy. Endometrial biopsy triggers an inflammatory response characterized by an influx of macrophages/dendritic cells as well as by an increase in proinflammatory cytokines, 7, 31 which facilitates the transition of the endometrium from its non-receptive to its receptive state. 32 Another possible explanation for increased endometrial receptivity is the wound healing effect induced by endometrial sampling. A massive secretion of cytokines and growth factors in the wound healing process might have an additional favourable effect on uterine receptivity. 33 However, some studies failed to detect any benefit of the endometrial injury.
21,34-41 Therefore, we conduct this meta-analysis to assess the efficacy of endometrial injury (biopsy and/or hysteroscopy) as a potential treatment measure for implantation failure in the IVF population. The primary outcomes of the study are clinical pregnancy rate (CPR) and the live birth rate (LBR).
Methods

Literature search
We searched the peer-reviewed articles in PubMed (last search updated on July 2017) using the following syntax: (i) endometrial biopsy (endometrial injury, endometrial scratch and local injury to endometrium) and IVF and implantation failure; (ii) endometrial biopsy (endometrial injury, endometrial scratch and local injury to endometrium) and ICSI and implantation failure; (iii) hysteroscopy and IVF and implantation failure; (iv) hysteroscopy and ICSI and implantation failure.
Study eligibility criteria
Studies were included if they met the following criteria: (i) comparison between intervention of endometrial injury (endometrial biopsy/scratch and/or hysteroscopy) in women undergoing IVF/ICSI treatment and the matched control; (ii) studies were prospective randomized or non-randomized trials; (iii) participating women with implantation failure should be good responders in the previous cycle; (iv) interventions were used before the IVF/ICSI transfer cycle; (v) the outcomes should contain CPR or LBR; (vi) the studies should be written in English. The studies were excluded if they were retrospectively designed, or when a first IVF/ICSI cycle or intervention was in the same cycle of ovarian stimulation or remote (more than a month before ovarian stimulation).
Data extraction
We extracted the first author, publication year, study design, intervention used for endometrial injury (endometrial biopsy/scratch or hysteroscopy), information of the participants (number of previous failed IVF/ICSI cycles, ovarian response in the previous failed cycle, age, body mass index and uterine cavity assessment), timing of intervention in relation to ovarian stimulation and outcomes of the included studies.
Outcome measures
The primary outcome measures were CPR and LBR. Implantation rate (IR), chemical pregnancy rate, ongoing pregnancy rate, miscarriage and procedure-related complications were considered as secondary outcome measures.
Statistical analysis
All analyses were performed using Review Manager 5.1 (Nordic Cochrane Centre). The effect estimate was expressed as pooled risk ratio (RR) with 95% confidence interval (CI) and represented graphically by forest plots. A random-effects model, which considered both within and between study variation, was used for all the meta-analysis. The heterogeneity was evaluated by I 2 statistic. I 2 values of 25%, 50%, and 75% were considered to imply small, moderate and high levels of heterogeneity, respectively. 42 Clinical heterogeneity was examined by assessing the participants, intervention used, study quality and outcome measure. Publication bias was assessed using funnel plots.
Results
The search strategy identified 188 articles (Fig. 1) . According to our criteria, 17 studies were finally included for analysis (Table 1) . No substantial asymmetry was found on the funnel plot of all included 17 studies (Fig. 2) . The CPR and LBR were significantly higher in the intervention groups than in the control group (For CPR, n = 3997, 16 studies, P < 0.00001, RR = 1.47, 95% CI [1.24, 1.74]; for LBR, n = 2361, 11 studies, P = 0.003, RR = 1.41, 95% CI [1.12, 1.78]). There was no difference in miscarriage rate between the intervention groups and the control groups (n = 1445, nine studies, P = 0.68). Among these studies, endometrial biopsy was used as an intervention in 12 studies. The rest of the studies compared hysteroscopy with no intervention.
Impact of endometrial biopsy on IVF/ICSI outcomes
All studies
Clinical pregnancy rate and LBR were significantly higher in the EB group than in the control group ( Fig. 3 . For CPR, n = 1363, 11 studies, P = 0.005, RR = 1.54, 95% CI [1.14, 2.07]; for LBR, n = 1031, eight studies, P = 0.02, RR = 1.45, 95% CI [1.06, 2.00]). Among these studies, eight were randomized controlled studies (RCT), four were non-randomized controlled studies (non-RCT).
Randomized controlled trials
Clinical pregnancy rate and LBR were higher in EB groups, but there was no significant difference ( Fig. 4 . For CPR, n = 920, seven studies, P = 0.29, RR = 1.32, 95% CI [0.79, 2.21]; for LBR, n = 794, six studies, P = 0.23, RR = 1.31, 95% CI [0.84, 2.03]). Among these studies, there were five studies performing endometrial biopsy during secretory phase, two studies using endometrial scratch during both proliferative and secretory phases. However, there was still no significant difference in CPR (for secretory phase group, five studies, P = 0.29; for both proliferative and secretory phase group, two studies, P = 0.74) and LBR (for secretory phase group, four studies, P = 0.09; for both proliferative and secretory phase group, two studies, P = 0.79) when comparing the subgroups with the controls. Among these studies, patients had at least two implantation failures in three studies, while others had at least one failure. The CPR and LBR were still not different between those had at least two implantation failures and the controls (three studies, P = 0.99 for CPR, P = 0.86 for LBR).
Non-RCT
Clinical pregnancy rate and LBR were significantly increased in the EB group than in the control group (Fig. 5 . For CPR, n = 443, four studies, P < 0.00001, RR = 3.39, 95% CI [2.17, 5.29] ; for LBR, n = 237, two studies, P = 0.0002, RR = 3.06, 95% CI [1.69, 5.54]). Among these studies, two performed endometrial biopsy during the proliferative phase, one during secretory phase and one during both phases. The patients had one to four times of implantation failures in these four studies.
Impact of hysteroscopy on IVF/ICSI outcomes
All studies
The hysteroscopy (HS) group had significantly higher CPR than in the control group (Fig. 6 , n = 2634, five studies, P = 0.0003, RR = 1.42, 95% CI [1.17, 1.71]). Random-effects model was used in this meta-analysis, risk ratio was used to measure the effect size. CI, confidence interval; CPR, clinical pregnancy rate; LBR, live birth rate; EB, endometrial biopsy. Figure 4 Forest plot graphs for clinical pregnancy rate and live birth rate in the randomized controlled studies between the endometrial biopsy and control groups. Random-effects model was used in this meta-analysis, risk ratio was used to measure the effect size. CI, confidence interval; CPR, clinical pregnancy rate; EB, endometrial biopsy; LBR, live birth rate; RCT, randomized controlled trial. Figure 5 Forest plot graphs for clinical pregnancy rate and live birth rate in the non-randomized controlled studies between the endometrial biopsy and control groups. Random-effects model was used in this meta-analysis, risk ratio was used to measure the effect size. CI, confidence interval; CPR, clinical pregnancy rate; EB, endometrial biopsy; LBR, live birth rate; NR, non-randomized controlled trial.
LBR tended to increase in the HS group (Fig. 6 , n = 1441, three studies, P = 0.09, RR = 1.4, 95% CI [0.94, 2.06]). All the studies carried out HS during the proliferative phase and all patients had at least two implantation failures. Among these studies, three studies were RCT studies, two were non-RCT studies.
Randomized controlled trials
Clinical pregnancy rate and LBR tended to be higher in HS groups than in the control group ( 
Non-RCTs
Clinical pregnancy rate and LBR were significantly increased in the HS group than in the control group ( 
Discussion
In this meta-analysis, we have identified that endometrial injury has a positive effect on CPR and LBR evidenced by either endometrial biopsy or hysteroscopy. However, after excluding the non-randomized studies, there is no significant difference in CPR and LBR between the endometrial injury group (EB or HS) and the control group. The difference may be because of the heterogeneity of the patients undergoing these two interventions. The uniformity of patients was better in the studies using HS. All the patients had at least two times of implantation failures and carried out the intervention during proliferative phase, but there were only three RCT studies used HS. Thus, we need more RCT performed HS to confirm the conclusion. The patients had various implantation failures from one to four times in the studies performing EB. Moreover, the time and frequency of EB were different among these studies. Baum et al. 34 carried out the only study that incorporated a cervical pipelle, which was placed in the control group. This kind of intervention might facilitate the placebo effect or increase the release of cytokines beneficial for uterine receptivity. EI-Toukhy et al. 37 used the relatively small diameter of the hysteroscope (2.9 mm) -compared with the diameter of the hysteroscopes used in other studies (4-5.5 mm) -and caused less endometrial surface injury, resulting in a milder degree of endometrial stimulation for implantation. Therefore, timing, technique and frequencies of endometrial injury are variables that may lead to different clinical outcomes.
The intervention was performed in the previous cycle in all studies. Considering that the endometrium is shed during menstruation, the long effect may rely on those long-lived monocytes that are recruited to the basal layer of the endometrium at injured sites which could differentiate into tissue-resident macrophages/dendritic cells during the window of implantation. 30, 43 These immune cells in turn modify the expression of specific adhesion molecules by the endometrial epithelium. 30, 43 Thus, mechanical injury of the endometrium may enhance uterine receptivity by provoking the immune system to generate an inflammatory reaction. 32, 44 Acquisition of uterine receptivity is closely associated with an inflammatory response. 12, [45] [46] [47] [48] [49] [50] In this meta-analysis, we find that even diagnostic hysteroscopy can lead to positive effects on IVF/ICSI outcomes, albeit the endometrial injury minor compared with pipelle biopsy. In addition to the endometrial trauma of hysteroscopy itself, the distending medium may also have an impact on the microenvironment of the uterus. between the hysteroscopy and control groups. Random-effects model was used in this meta-analysis, Risk Ratio (RR) was used to measure the effect size. CI, confidence interval; CPR, clinical pregnancy rate; LBR, live birth rate; HS, hysteroscopy; NR, non-randomized controlled trial.
Endometrial gene expression induced by injury varies with the timing of the cycle. 51 It is suggested that injury induced in the luteal phase is likely to induce more decidualization; however, hysteroscopy all had done in the proliferation phase in this meta-analysis, so there is no conclusive evidence to suggest one is better than the other. Moreover, it is not yet known what degree of injury is required to initiate endometrial receptivity. Thus, future studies should look into the molecular and gene expression pathways induced by single or multiple endometrial injuries in various phases of menstrual cycle.
In conclusion, there is still insufficient evidence to support the use of endometrial injury in women with implantation failure because the effects on CPR and LBR were inconsistent between the RCT studies and non-RCT studies. Robust RCT should be designed and performed before clinical implementation of endometrial injury.
